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Abstract

Objective: South Africa (SA) is in the midst of a health transition characterized by a
quadruple burden of diseases and a nutrition transition. The existing nutrition
transition in SA, accompanied by the coexistence of under- and overnutrition in
the population, motivated the present study. Its objectives were to measure and
report the changes in nutrient intakes of rural and urban black Africans over time
to assess the impact of urbanization and modernization of lifestyles on dietary
intakes and non-communicable disease (NCD) risk.

Design: The PURE-NWP-SA study recruited 2000 black South African volunteers
aged 35-70 years in 2005, of which detailed nutrient intakes from 1858 participants
were available. In 2010 nutrient intakes of a cohort of 1154 participants were
measured.

Results: Median energy intake increased over time. In 2010, rural participants
consumed the amount of energy (men 9-7MJ/d; women 9-1M]J/d) that urban
participants consumed in 2005 (men 9-9MJ/d; women 9-0MJ/d). The nutrition
transition was characterized by increases in the percentage of energy from animal
protein, total fat (rural men and women), saturated (not urban women) and
monounsaturated fat, as well as added sugar. Despite the higher energy intake, not
all the participants met total micronutrient needs in 2010.

Keywords
Conclusions: The PURE nutrient intake data confirmed that the nutrition transition Sounl Mrica
in the North West Province of SA is extremely rapid in rural areas. The shift PURE study

towards higher energy intakes, an animal food-based diet, higher intakes of fat
and lower intake of fibre, at the cost of lower plant protein and starchy food
intakes, could increase the risk of NCD.

Quantified FFQ
Nutrient intake
Nutrition transition

It is recognized that South Africa (SA), a low-middle-income
country, is in the midst of a health transition characterized
by a quadruple burden of communicable diseases, non-
communicable diseases (NCD), perinatal and maternal and
injury-related disorders”, as well as experiencing a nutri-
tion transition'”. Sharp increases in overweight, obesity,
hypertension, diabetes and CVD, without substantial
improvements in undernutrition among children, have
been reported for all population groups®>. The South
African Medical Research Council® identified both under-
and overnutrition as risk factors for disability-adjusted life
years and mortality in the South African population. We
have previously shown that the diet followed by black
Africans in rural areas of the North West Province (NWP)
does not meet micronutrient requirementsw_m) . However,
with urbanization and ‘modernization’ of the diet, increases
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(but not optimization) of micronutrient intakes have been
observed”. Simultaneously, macronutrient intakes have
been characterized by increases in animal protein, total fat
and especially added sugar”'" while total carbohydrate
intake has decreased”, despite increased intake of added
sugar™’. These changes in nutrient intakes have been
described since the 1970s®. To address micronutrient
deficiencies, the South African Department of Health
(Directorate Nutrition) instituted a mandatory micronutrient
fortification of the staples, maize meal and bread flour, in
2003"? that came into effect in 2004. The objectives of the
present study were to measure and report the changes in
nutrient intakes of rural and urban black African men and
women over time (from 2005 to 2010) to assess the impact
of urbanization and modernization of lifestyles on dietary
and therefore nutrient intakes and NCD risk.

© The Authors 2018
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Nutrition transition in SA

Participants and methods

The PURE study
The Prospective Urban and Rural Epidemiology (PURE) study
is a prospective cohort study tracking changing lifestyles, risk
factors and chronic disease in urban and rural areas of
seventeen countries in transition>'*. One of the legs of the
PURE study in SA is being conducted in two areas (urban and
rural) of the NWP (PURE-NWP-SA). The province is experi-
encing a typical epidemiological transition”. The baseline
study was conducted in 2005 and the follow-up in 2010.
The design of the PURE-NWP-SA study has been descri-
bed elsewhere™'*!> Briefly, participants were recruited
from four different sites (two rural and two urban) in the
NWP of SA. A census profile of 6000 households (1500 in
each area) was completed from which 4000 individuals were
identified as meeting the inclusion criteria and visited at
home. The study was explained to the individuals and after
voluntary and informed consent was obtained, the ques-
tionnaires were completed. Questionnaires for 3750 partici-
pants were completed. These participants were invited to
the study sites and after giving informed consent, blood
samples were drawn and other measurements taken. The
dietary questionnaires were also completed at this stage. In
total, 2000 participants were tested (target of 500 in each
community) in 2005. In the 5-year follow-up survey con-
ducted in 2010, 1233 participants were included. Figure 1
provides a summary of the recruitment and follow-up pro-
cedures (adapted from Vorster et al ).

Measurements
Questionnaires
Standardized structured demographic, socio-economic,
lifestyle and physical activity questionnaires of the

Census of 6000 households in four
study areas in 2005

|

Identified 4000 individuals meeting the inclusion criteria
Screening questionnaire completed by 3750

|

2005 baseline survey:
2000 participants completed
QFFQ completed for 1858 participants

Lost to follow-up in 2010:
722 participants
® 217 died
* 188 moved away
e 224 refused to participate
® 93 no contact
134 removed because of unreliable dietary data
856 not included in the 2010 cohort analysis

2010 cohort survey:
1233 of the 2005 baseline survey followed up
QFFQ completed for 1154 participants and included in analysis

Fig. 1 Participant recruitment and follow-up from years 2005
to 2010 (adapted from Vorster et al.'"). QFFQ, quantified FFQ
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international PURE  study were used’®. These
questionnaires were adapted for the South African study
where necessary. Sixteen volunteer fieldworkers, from the
communities where the study was undertaken, were
recruited and intensively trained to complete the
questionnaires at the study site or participant’s home in the
language of choice (Setswana, Afrikaans or English).
A 145-item, culture-sensitive, quantified FFQ (QFFQ) was
used to obtain dietary intakes covering the previous
month. The QFFQ was previously developed and exten-
sively validated for this populationué'”) . Reproducibility
was tested again for the present study™®. Portion sizes
were reported by the participants using a food-portion
photograph book™? specifically developed and tested for
this population, as well as other suitable tools as pre-
viously described!®. Portion sizes reported in grams
(based on the photographic portion book) or household
measures were converted to weights using standard
tables”®”. Nutrient intake was calculated using the South
African food composition database®®". Food items not in
the database were either analysed or sourced from other
databases, added to the database and then coded as pre-
viously described'®.

Other measurements

The methodology used for the anthropometric measures
(height, weight and waist circumference), blood collec-
tion, biochemical analyses (HDL-cholesterol) and HIV
testing have been described previously ¥,

Statistical analyses

The statistical software package Stata version 14 was used
for the analyses. Due to the skewness of the nutrient
intake data, results are reported as median and 25th per-
centile-75th percentile. Wilcoxon’s two-sample test was
used to test for differences between the rural and urban
participants (by gender) in terms of their nutrient intakes,
as well as the changes in nutrient intakes between 2005
and 2010. Wilcoxon’s signed-rank test used to test for
changes in nutrient intakes between 2005 and 2010 for
each of the four groups (by gender and study site). Parti-
cipants with energy intakes >30000 or <3000k]J/d in
either 2005 or 2010 were excluded from the data set'".

To evaluate adequacy of intakes as well as compliance to
recommendations for the prevention of NCD, reported
nutrient intakes were compared with international recom-
mendations??, WHO recommendations®® as well as the
South African food-based dietary guidelines*”, as shown in
the online supplementary material, Supplemental Table 1.

Baseline mean characteristics of the cohort in 2005 and
of those participants lost to follow-up in 2010 are shown in
Table 1.

In addition to intakes reported in their respective units,
intakes of macronutrients were also expressed as a
percentage of total energy, and intakes of micronutrients
and dietary fibre per 4-2MJ (1000kcal; see online
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Table 1 Baseline characteristics in 2005 of participants followed up from 2005 to 2010 (the cohort), compared with subjects lost to follow-up

and compared with 2010; PURE-NWP-SA study

Baseline data in 2005 of
participants followed up

Baseline data in 2005 of
subjects lost to follow-up

Cohort data of participants

in 2010 in 2010 in 2010
Variable n Mean SD n Mean SD Pvalue* n Mean SD P valuet
Age (years) 1154 508 10-3 856 48-6 104 <0-001 1154 - -
Sex (male; %) 1154 336 856 41.8 <0-001 1154 - -
Locality (rural; %) 1154 51.7 856 47-8 0-080 1154 - -
Education attainment 1154 36-0 856 321 0-073 1154 - -
(no formal education; %)

HIV positive (%) 1154 171 856 222 0004 1154 4-9% new cases -
BMI (kg/m?)% 1154 251 7.0 853 241 7.0 <0-001 1154 255 73 <0-001
Waist circumference (cm)+ 1147  80-3 12.8 843 790 133 0-007 1147 819 130 <0-001
HDL-cholesterol (mmol/l) 1087 1.54 0-61 805 1-48 0-66 0-006 1087 1.42 0-59 <0-001

n Median P25-P75 n Median P25-P75 Pvalue* n Median P25-P75 P valuet
Energy intake (MJ/d) 1154 74 5.6-10-1 796 69 4.7-9-8 0-003 1154 105 7-5-13-9  <0-0001

PURE-NWP-SA, Prospective Urban and Rural Epidemiology in the North West Province of South Africa; P25, 25th percentile; P75, 75th percentile.
*Pvalue for significance of differences between subjects followed up in 2010 and those lost to follow-up (categorical variables: x? test; continuous variables: two-

sample Wilcoxon test).

+P value for significance of differences between the cohort in 2005 and 2010 (categorical variables: x? test; continuous variables: two-sample Wilcoxon test).

supplementary material, Supplemental Table 2; Tables 2
and 3). The percentages of participants not reaching 100 %
of recommended intakes were also calculated and are
shown in Tables 4 and 5.

Results

Comparison of the cobort with those lost from the
study and between 2005 and 2010

Dietary intake data of 1858 participants were measured in
2005. Table 1 shows the characteristics (in 2005) of the
1154 cohort participants who could be followed up in 2010
compared with the baseline characteristics of the 856 par-
ticipants lost to follow-up. The latter were slightly (but
significantly) younger, with a higher proportion of men,
more HIV-infected participants, with lower BMI, waist cir-
cumference, HDL-cholesterol and total energy intake.
There were small (but significant) increases in BMI and
waist circumference from 2005 to 2010 that could probably
be explained by the increase in energy intake and ageing.

Nutrient intakes, macronutrient distribution and
micronutrient density of all participants in 2005
Supplemental Table 2 (see online supplementary material)
shows that in 2005 the nutrient intakes of urban men and
women were consistently higher than those of their rural
counterparts.

Changes in nutrient intakes of men from

2005 to 2010

In Table 2, nutrient intakes of the male cohort (186 rural
men and 202 urban men) in 2005 are compared with the
intakes in 2010. Rural men consumed significantly more
energy and therefore significantly more of all nutrients
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(P<0:05; except Mn) in 2010 than in 2005. However, the
percentage of energy contributed by plant protein and the
contribution of total carbohydrate to energy intake were
lower in 2010 than in 2005, while the energy contributions
from total and animal protein, total fat, saturated fat,
monounsaturated fat and added sugar were higher in
2010 than in 2005. Energy from alcohol decreased
significantly from 2005 to 2010. There were also significant
increases in some micronutrient intakes (Fe, niacin and
vitamin C),
expressed in terms of energy intake to ‘correct’ for
increased energy intakes in 2010.

Urban men also showed a significant increase in total
energy intake from 2005 to 2010 (£ <0-001) and therefore
an increased intake of all other nutrients. A non-significant

even when these micronutrients were

decrease in the percentage of energy from alcohol was
measured. No change in the percentage contribution of
total protein to energy intake was observed, but similar to
rural men, significant increases in the percentage con-
tributions of animal protein,
unsaturated fats, as well as added sugar, to energy were

saturated and mono-

seen. The percentage of energy from plant protein and
total carbohydrate decreased significantly in rural and
urban men from 2005 to 2010. Significant increases in
micronutrient density for niacin and vitamin C and
significant decreases for fibre and Zn were measured.

Changes in nutrient intakes of women from

2005 to 2010

Table 3 compares the changes in nutrient intakes over
time in the female cohort (411 rural women and 355 urban
women). Both rural and urban women consumed more
energy in 2010 compared with 2005, with the con-
sequence that intakes of all nutrients were higher in 2010
in the respective groups. However, as in the case of men,
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Table 2 Daily nutrient intake, energy distribution and nutrient density of the male cohort by rural/urban residence in 2005 and 2010; PURE-NWP-SA study

Rural men (n 186)

Urban men (n 202)

2005 2010 2005 2010
Energy and nutrients Median P25-P75 Median P25-P75 Pvalue*  Median P25-P75 Median P25-P75 Pvalue* P valuet
Energy (MJ) 69 5.6-8-8 97 6-95-13-8 <0-001 99 7-2-12-6 13-7 10-5-17-89 <0-001 0-035
Total protein (g) 44.4 35-3-61-2 66-2 46-79-91.5 <0-001 728 52.5-95-8 100-0 75-0-138-4 <0-001 0-042
Plant protein (g) 304 22.2-39.7 33-8 24.4-51.5 0-008 369 27-6-47-3 43-5 32.9-63-5 <0-001 0-087
Animal protein (g) 12.6 8-0-19-5 25-8 16-4-45-2 <0-001 30.0 20-8-435 510 37-1-75-3 <0-001 0-058
Total fat (g) 312 24-8-431 54.6 36-4-79-4 <0-001 61-6 44.4-86-2 94-4 65-9-131-9 <0-001 0-337
Saturated fat (g) 69 4.8-9-7 15-6 10-2-23:5 <0-001 151 10-6-21-5 24.9 17.3-35-4 <0-001 0-877
Monounsaturated fat (g) 73 4.7-10-7 15.5 9-6-22-9 <0-001 167  11.99-24.8 281 20-6-40-7 <0-001 0-392
Polyunsaturated fat (g) 10-3 7-3-14.3 16-3 9-99-26-3 <0-001 18-0 12.5-25.7 25-6 16-8-39-2 <0-001 0-694
Cholesterol (mg) 111 72171 210 87-377 <0-001 249 163-355 408 279-657 <0-001 0-027
Total carbohydrate (g) 2575  199-0-334-96 3334 231.6-458-6 <0-001 330-8 238:6-431-6 419-4 306-7-584-2 <0-001 0-100
Added sugar (g) 239  14.27-33-06 45-3 23.9-82:5 <0-001 347 20-9-56-1 593 36-5-99.7 <0-001 0-365
Dietary fibre (g) 185 14.2-25-2 20-6 14.2-31-1 0-003 273 17.5-35-4 314 23-1-431 <0-001 0-066
Ca (mg) 229 156-345 339 192-552 <0-001 397 292-573 596 432-800 <0-001 0-073
Fe (mg) 12.2 9-1-15.9 16-0 11.4-23-1 <0-001 16-0 11.2-21.9 22:2 16-2-30-1 <0-001 0-012
Mg (mg) 297 214-452 402 285-81 <0-001 389 288-539 493 369-745 <0-001 0-208
P (mg) 847 646-1113 1206 839-1638 <0-001 1107 856-14772 1642 1166-2229 <0-001 0-011
K (mg) 1394 1089-1759 2441 1711-3243 <0-001 2078 1526-2809 3326 2420-4378 <0-001 0-267
Zn (mg) 86 6-7-11-3 13-3 9-5-20-2 <0-001 12.5 9-0-17 18-4 14.1-26-5 <0-001 0-038
Cu (mg) 11 0-8-15 14 0-9-1.9 <0-001 15 11-1.9 1.9 1.4-2-6 <0-001 0-019
Mn (ug) 1749 1110-3259 2061 1329-3124 0-690 2647 1899-3866 3132 2219-4188 0-008 0-156
Vitamin A (ug) 4267 274-712 941 535-1727 <0-001 890 536-1447 1742 1042-2572 <0-001 0-019
Thiamin (mg) 16 1.2-21 1-9 1.3-2.8 <0-001 1.9 1.3-2.7 25 1.8-3.7 <0-001 0-030
Riboflavin (mg) 09 0-7-1-4 1.4 0-97-1.97 <0-001 1.5 1-1-21 23 1.5-3-1 <0-001 <0-001
Niacin (mg) 12.2 9-4-17-6 241 17-0-34-8 <0-001 185 14.0-25-1 34-4 25.2-49.7 <0-001 <0-001
Vitamin Bg (mg) 12 0-94-1-6 29 1.9-4.3 <0-001 18 1.2-2.7 44 3.0-6-4 <0-001 <0-001
Folate (ug) 3569  268-9-467-5 467-7 300-8-744-9 <0-001 443-0  307-3-626-5 675-9 485-3-1022-8 <0-001 0-003
Vitamin B12 (ug) 1-8 0-9-2.95 273 1.3-5:5 <0-001 4.8 24-77 6-4 3-8-11-9 <0-001 0-136
Pantothenic acid (mg) 29 2:2-41 4.6 3:1-6:5 <0-001 4.9 3-6-6:6 861 6-2-11-4 <0-001 <0-001
Biotin (ug) 25.0 18.2-31-9 30-8 19-.2-48-4 <0-001 45-8 29-5-61-7 625 41.9-88.7 <0-001 0-025
Vitamin C (mg) 12 7-16 29 14-56 <0-001 33 20-57 62 36-97 <0-001 0-447
Vitamin D (mg) 1.7 0.9-2.7 24 0-96-5-1 <0-001 32 1.98-4-8 5.0 2.8-8-2 <0-001 0-040
Vitamin E (mg) 84 52-11.9 119 6-1-19-6 <0-001 12.4 8:3-17-4 16-0 10-9-24-2 <0-001 0-742
Alcohol (g) 4.3 0-32 07 0-18-8 0-012 114 0-27-7 71 0-26-5 0-587 0-187
Energy distribution
% of TE from protein 10-6 9-8-11-6 11-3 9-5-13-5 0-005 12.5 11.6-13:5 12.7 11.3-14.3 0-483 0-088
% of TE from animal protein 31 2.04-2 4.6 2.9-75 <0-001 54 4.3-6-9 6-8 5.1-85 <0-001 0-109
% of TE from plant protein 7-5 6-7-8-1 6-2 5.2-7-2 <0-001 6-5 57-7-2 5.7 4.8-6-3 <0-001 0-014
% of TE from total fat 17-8 13-6-23-1 215 15.7-28-9 <0-001 24.9 21.6-29-4 26-3 22-1-31-3 0-329 0-003
% of TE from saturated fat 39 2:5-5-1 6-2 4.1-8-5 <0-001 64 51-76 69 5.7-8-8 0-001 <0-001
% of TE from monounsaturated fat 39 2.7-55 6-3 4.3-8-6 <0-001 71 5.8-8-4 80 6-5-9-8 0-001 <0-001
% of TE from polyunsaturated fat 59 41-7.9 6-1 4.2-89 0-021 72 5.7-8-8 72 5.7-91 0-943 0-106
% of TE from total carbohydrate 63-8 58-1-69-7 59-5 51.6-66-5 <0-001 56-1 52.0-60-6 54.3 48-4-59.7 0-011 0-113
% of TE from added sugar 58 2:9-8.3 8-1 4.5-14.2 <0-001 65 4.5-9.2 79 4.5-12.0 0-001 0-048
% of TE from alcohol 2. 0-12.5 0-3 0-6-0 <0-001 35 0-7-9 14 0-4-9 0-012 0-204
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the changes in macronutrient distribution and micro-
nutrient density showed distinct patterns.

In rural women, significant increases in the percentage
of energy from animal protein, total, saturated, mono-
unsaturated and polyunsaturated fats, as well as added
sugar, were observed. Significant decreases in the per-
centage of energy from plant protein and total carbohy-
drate were seen. Furthermore, significant improvements in
the nutrient density of Ca, Fe, niacin and vitamin C
occurred, but the density of dietary fibre and thiamin
decreased.

In urban women, percentage of energy from animal
protein increased, while that from plant protein decreased.
The change in percentage of energy from total fat was
not significant. There was a significant decrease in the
energy contribution from total carbohydrate between
2005 and 2010, but a significant increase from added
sugar. Significant improvements in the nutrient density
of Fe, niacin and vitamin C were seen, while that of Zn
decreased.

Comparison of the differences in change of
nutrient intakes between rural and urban
participants

A possible question is whether the changes in nutrient
intakes from 2005 to 2010 were significantly greater or
smaller in rural than in urban participants. We therefore
calculated the significance of the effect of time, shown in
the final column of Tables 2 and 3.

Differences in change of nutrient intakes from 2005 to
2010 between rural and urban men

The significance of the differences in the change of
nutrient intakes from 2005 to 2010 between rural and
urban men is shown in Table 2. Because the change in
energy intake from 2005 to 2010 was 1172k]J/d greater in
urban men, the changes in intakes of total protein, cho-
lesterol and most micronutrients were also greater in
urban men. However, when macronutrient intakes are
expressed as a percentage of total energy and micro-
nutrients intakes are expressed per 4-2 MJ, the changes in
rural men were actually larger than those in urban men.
These differences were significant for percentage of
energy from plant protein, total, saturated and mono-
unsaturated fats, and added sugar. The change in nutrient
density was significantly higher in the rural men compared
with the urban men for Fe.

Differences in change of nutrient intakes from 2005 to
2010 between rural and urban women

Table 3 shows that the median change in energy from
2005 to 2010 was slightly more in rural women (2:6 v.
2:3MJ/d) than urban women (P=0-049). There were
also other significant differences, for example the change
in total fat intake was significantly greater in rural women.
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Table 3 Daily nutrient intake, energy distribution and nutrient density of the female cohort by rural/urban residence in 2005 and 2010; PURE-NWP-SA study

Rural women (n 411)

Urban women (n 355)

2005 2010 2005 2010
Energy and nutrients Median P25-P75 Median P25-P75 Pt Median P25-P75 Median P25-P75 P value* P valuet
Energy (MJ) 6-2 5.0-7-6 91 6-9-12-8 <0-001 90 6-5-11-6 11.7 8-9-14.9 <0-001 0-049
Total protein (g) 404 31.9-51.0 60-4 44.6-82-5 <0-001 63-2 47-4-87-4 86-5 64-2-113.9 <0-001 0-808
Plant protein (g) 271 20-9-33-2 336 24.3-489 <0-001 311 22-8-40-4 365 26-7-49-3 <0-001 0-039
Animal protein (g) 12:5 7-3-18:5 241 14.1-371 <0-001 29-2 21-4-40-9 46-7 30-9-65-9 <0-001 0-055
Total fat (g) 321 23.2-42.4 56-6 36-6-86-7 <0-001 64-7 45.9-88-4 835 58-3-112-4 <0-001 0-003
Saturated fat (g) 70 4.6-9-8 15-4 9-6-24-5 <0-001 16-6 11-3-23.0 229 15.3-31-4 <0-001 <0-001
Monounsaturated fat (g) 71 4.9-10-7 15.9 9-8-24-6 <0-001 18-1 12.2-26-2 257 16-7-36-5 <0-001 0-026
Polyunsaturated fat (g) 10-3 7-0-14.7 17.7 10-9-27.7 <0-001 18-3 12.6-25-8 226 16-0-33.7 <0-001 0-002
Cholesterol (mg) 102 60-157 167 83313 <0-001 234.9 152.9-334-9 3424 215.1-509-8 <0-001 0-018
Total carbohydrate (g) 243-5 191.3-295-6 322.0 240-9-468-8 <0-001 294.6 209-8-376-2 368-3 274.9-477-7 <0-001 0-103
Added sugar (g) 239 12.8-36-5 46-6 24.2-83-6 <0-001 40-6 24.1-621 67-6 32-6-98:5 <0-001 0-201
Dietary fibre (g) 17-3 13-8—22-1 20-7 14.9-31.3 <0-001 228 15-1-30-6 275 19-6-37-8 <0-001 0-659
Ca (mg) 198 129-277 344 200-514 <0-001 402 282622 526 372-740 <0-001 0-050
Fe (mg) 11.2 8-9-13.9 155 11.2-21-6 <0-001 13-8 9-5-18-7 187 13.8-25-2 <0-001 0-526
Mg (ng) 240 188-310 365 270-522 <0-001 331 237-424 402 300-548 <0-001 0-004
P (mg) 694 544-876 1054 788-1413 <0-001 1018 744-1361 1292 976-1751 <0-001 0-063
K (mg) 1223 991-1546 2322 1742-3213 <0-001 2088 1394-2581 2948 2208-3898 <0-001 0-063
Zn (mg) 79 6-2-9-6 124 9-0-17-3 <0-001 10-8 7-5-14.8 15.7 11.8-20-9 <0-001 0-302
Cu (mg) 1.0 0-8-1-3 14 1.0-1.9 <0-001 14 1.0-1.9 1.7 1.3-2.4 <0-001 0-275
Mn (mg) 1221 783-1876 1820 1296-2524 <0-001 2252 1532-3152 2650 1804-3618 <0-001 0-112
Vitamin A (ug) 476 336-704 959 609-1575 <0-001 995 560-1563 1724 985-2588 <0-001 0-241
Thiamin (mg) 14 1.1-1.8 18 1.3-2.6 <0-001 15 1.1-2.2 2.0 1.-6-2-9 <0-001 0-843
Riboflavin (mg) 07 0-6-1-0 1.2 0-9-1.7 <0-001 14 0-9-2.0 1.9 1-4-2.7 <0-001 0-605
Niacin (mg) 10-4 8-4-13-6 22.2 15.7-30-6 <0-001 16-1 11.3-22-3 28-2 21.0-38-9 <0-001 0-788
Vitamin Bg (mg) 12 0-9-15 2.2 1.5-3-8 <0-001 1-6 1.1-2.3 34 2.5-4.7 <0-001 <0-001
Folate (ug) 335 253-429 424 260-663 <0-001 374 272-531 533 375-781 <0-001 0-054
Vitamin B2 (ug) 1.7 0-8-3-0 2.4 1.2-5.2 <0-001 4.6 2.7-75 56 3-1-10-6 <0-001 0-876
Pantothenic acid (mg) 26 2.0-35 4.3 3-1-6-6 <0-001 4.7 3-4-6-2 68 5.4-9.5 <0-001 0-003
Biotin (ug) 22.2 16-9-31-7 29-2 20-1-445 <0-001 42-8 29-8-58-3 58.7 38-6-787 <0-001 0-002
Vitamin C (mg) 13 8-19 32 18-55 <0-001 40 21-59 64 40-107 <0-001 0132
Vitamin D (mg) 1.6 0-8-2:6 1.9 0-9-0-9 <0-001 2.8 1.6-4.7 4.2 2.5-6-6 <0-001 0-045
Vitamin E (mg) 79 5-6-12-1 11.2 6-9-16-7 <0-001 124 8-4-16-9 14.7 9-6-21.7 <0-001 0-307
Alcohol (g) 0-0 0-0-0-0 0-0 0-0-0-0 0-017 0-0 0-0-14-3 0-0 0-0-6-1 0-092 0-825
Energy distribution
% of TE from protein 10-9 9-9-12.0 1141 9-6-12-9 0-326 12.5 11.3-13:5 12.5 11.1-14.3 0-025 0-315
% of TE from animal protein 33 22-4.8 4.5 2867 <0-001 5-8 4.7-7-2 6-8 5-1-9.2 <0-001 0-817
% of TE from plant protein 75 6-6-8-0 6-3 5.4-7-4 <0-001 6-1 5.3-6-8 55 4-6-6-2 <0-001 <0-001
% of TE from total fat 20-3 15.6-24-5 22.9 17-7-30-0 <0-001 284 23.7-31.9 277 22.8-32-3 0-335 <0-001
% of TE from saturated fat 4.3 2.9-5.7 65 4.6-8-5 <0-001 70 5.8-8:6 75 5.9-9.0 0-130 <0-001
% of TE from monounsaturated fat 4.5 32-5-9 6-2 4.6-8-7 <0-001 79 6-4-9-8 84 6-6-10-5 0-019 <0-001
% of TE from polyunsaturated fat 65 4.8-8-6 73 4.9-9.9 <0-001 8.0 6-4-9.7 7-6 6:1-9-3 0-125 <0-001
% of TE from total carbohydrate 66-7 61-3-71-9 617 53.8-67-7 <0-001 55.7 51.1-60-2 541 49-5-59.8 0-039 <0-001
% of TE from added sugar 6-4 37-10-2 89 4-3-14.9 <0-001 82 5.7-10-8 90 5.9-14.5 <0-001 0-055
% of TE from alcohol 0-0 0-0-0-0 0-0 0-0-0-0 <0-001 0- 0-0-4-4 0- 0-0-1-5 0-002 0-731
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When expressed as a percentage of energy, the differ-
ences in change of macronutrients were significant for
plant protein, total, saturated, monounsaturated and
polyunsaturated fats, and total carbohydrate, with the rural
women showing the largest change. Significant differences
in change of micronutrients expressed per energy are also
shown in Table 3. For dietary fibre, these changes showed
a decrease in rural women but an increase in urban
women. Therefore, the direction of change in rural and
urban women was not always the same when nutrients
were expressed in terms of energy intake.

Evaluation of dietary quality

We also measured how well the cohort participants met
their nutrient needs and dietary recommendations for the
prevention of NCD. The recommendations in Supple-
mental Table 1 (see online supplementary material) were
used to determine whether a particular nutrient was
under- or overconsumed by each participant. Further-
more, the percentage of participants in specific groups
who did not meet their recommended intakes was also
calculated. Table 4 gives values for men and Table 5 those
for women, both by date (2005 and 2010) and rural
v. urban participants.

Table 4 shows that in 2005 more than 50 % of the rural
men did not meet the recommendation for sixteen of the
twenty-three nutrients presented. More than 50% of the
urban men did not meet the recommendations for only six
of the twenty-three nutrients in 2005. Although the situa-
tion improved in 2010 for the rural men, more than 50 % of
them did not meet the recommendations for cholesterol,
dietary fibre, Ca, K, pantothenic acid, vitamin C, vitamin D
and vitamin E. Despite a higher energy intake (meaning
that more food was eaten), still more than 50% of the
urban men had low Ca, K, vitamin C and vitamin D intakes
in 2010 which did not meet the recommendations. In
addition, the energy distribution was not optimal. There
was a significant improvement in intake compared with
the recommendation for rural and urban men for total
protein, cholesterol, Zn, Cu, Mn, vitamin A, riboflavin,
niacin, vitamin Bg, pantothenic acid, biotin, vitamin C,
vitamin D and vitamin E.

Table 5 shows that in 2005, 50 % of the rural women did
not meet the recommendation for seventeen of the
twenty-three nutrients presented. Although there was a
significant improvement from 2005 to 2010, more than
50 % of the rural women still had an intake not meeting the
recommendation for nine nutrients (cholesterol, fibre, Ca,
K, pantothenic acid, biotin, vitamin C, vitamin D and
vitamin E) in 2010. The nutrient quality of the diet of the
urban women was better than that of the rural women,
with more than 50 % of the urban women not meeting the
recommendation for only seven of the twenty-three
nutrients in 2005 and for only three nutrients (Ca, K and
vitamin D) in 2010.
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Table 4 Nutrient intakes of the male cohort, expressed as a percentage of the recommendation, and the percentage who did not meet recommendations by urban/rural residence in 2005 and

2010; PURE-NWP-SA study

Rural men (n 186)

Urban men (n 202)

2005 2010 2005 2010

Nutrients Median P25-P75 %* Median P25-P75 %*  Pvaluet Median P25-P75 %*  Median P25-P75 %* P valuet
Total protein 79-3 63-1-109-2 699 1182 83.6-163-3 376  <0-001 1299 93.8-171.0 307 1785 134.0-2472 104  <0-001
Cholesterol 37 24-57 95.2 701 29-1-125.7 645 <0-001 83-1 54.4-118.3 668 136-0 92.9-219-1 287  <0-001
Dietary fibre 739 56-8-100-7 747 824 56-7-124.6 640 0-020 109-0 70-1-141.6 47.0 1257 92.4-172.5 312  <0-001
Ca 284 19-3-42.8 989 42.0 24.0-662 941 0-013 492 36:0-71-5 896 718 53-3-99-7 753  <0-001
Fe 203- 151.1-265-0 65 2659 1895-3857 43 0-346 266-3 186:8-3642 64 3691 270-3-5009 00 <0-001
Mg 84.8 61-3-129-1 613 1148 81.4-166-0 387 <0-001 11141 82.2-153.9 381 140-8 1054-212.9 20-3 <0-001
P 146- 111.4-191.8 183 2080 144.6-2824 91 0-007 1909 147.6-2547 94 2831 201-0-384-4 1.5 <0-001
K 297 23.2-374 100-0 51.9 36-4-69-0 941 <0-001 44.2 325-59-8 975 70-8 51.5-931 807 <0-001
Zn 91.9 70-7-119-8 554 141.6 100-5-214.9 247 <0-001 133-3 95.3-181.6 272 1960 1502-2819 59 <0-001
Cu 1534  114.3-215.9 14.0 1981 133-8-2786 91 0-150 2114 151.5-269.7 109 2726 202:9-3753 05 <0-001
Mn 761 48.2-141.7 634 89-6 57-8-135-8 532 0-042 1151 82.6-168-1 426 1362 96-5-182-1 272  <0-001
Vitamin A 68-3 43.9-113.8 704 1505 85.6-276-3 307 <0-001 142.4 85.7-231.5 332 2787 166:8-4116 55 <0-001
Thiamin 1587  119-4-206-2 145 190-3 128:1-283.7 108 0-250 1909 13412734 129 2454 183.6-370-1 35 <0-001
Riboflavin 844 61.9-128.8 634 131.0 884-179-1 328 <0-001 136-3 95.6-186-4 262 2066 140-3-2815 79 <0-001
Niacin 1014 78-:0-146-5 489 2007 142.0-290-1 7.0 <0-001 154.3 116:8-209-4 193 2866 209-7-4140 00 <0-001
Vitamin Bg 101.5 781-128.8 468 202:0 1249-3052 86 <0-001 1571 95.1-210.7 282 3318 209-2-4759 1.0 <0-001
Folate 1116 84.0-146-1 398 146-1 94.0-232.8 29.0 0-027 1384 96.0-1958 262 2112 151.7-3196 84  <0-001
Vitamin B> 88-0 45.3-147.6 591 129-6 65-8-2759 398 <0-001 2388 118.2-3851 17.3 306-0 180-2-5642 94 0-014
Pantothenic acid 574 44.8-81-5 86-0 92.0 62:9-130-2 554  <0-001 98-5 71.3-131.1 51.0 1721 124.0-228.6 158  <0-001
Biotin 834 60-8-106-4 677 1027 64.1-161-4 484  <0-001 152-6 98.3-205-.7 25:3 2083 1395-2958 99 <0-001
Vitamin C 15-3 9:0-22.0 99.5 391 18.1-74.8 850  <0-001 438 26:5-76:5 842 827 48.0-128-8 584  <0-001
Vitamin D 171 8-9-26.5 989 238 9-6-51-2 90-3 <0-001 32.0 19-8-48-1 975 50-2 27-5-81.7 822 <0-001
Vitamin E 69-8 43.0-99-3 758 980 48.8-162.7 51.6  <0-001 103-4 68.9-145.4 485 1285 87-8-196-9 30: <0-001
Energy distribution

% of TE from fat 59.3 45.2-76-9 94.6 716 52.2-966 780  <0-001 831 72:1-981 772 87-8 736-104-4 693 0-056

% of TE from saturated fat 385 25.1-50-6 96-2 621 41.3-845 90-3 0-016 645 45.0-91-8 936 68-8 56-5-872 876 0-034

% of TE from polyunsaturated fat 99.7 69-4-1319 516 1016 70-6-148.8 495 0-689 119 95.5-148.2 292 120-1 94.6-151.7 292 1.000

% of TE from added sugar 583 29.9-82.9 850 80-7 45.4-142.4 57.0 <0-001 63-6 51.1-755  80-2 797 45.4-120-3 644  <0-001

PURE-NWP-SA, Prospective Urban and Rural Epidemiology in the North West Province of South Africa; P25, 25th percentile; P75, 75th percentile; TE, total energy.

*Percentage of participants not meeting the recommendations.
1P value for significance of differences between 2005 and 2010 for rural men or urban men not meeting the recommendations (Wilcoxon two-sample test).
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Table 5 Nutrient intakes of the female cohort, expressed as a percentage of the recommendation, and percentage who did not meet recommendations by urban/rural residence in 2005 and

2010; PURE-NWP-SA study

Rural women (n 411)

Urban women (n 355)

2005 2010 2005 2010

Nutrients Median P25-P75 %*  Median P25-P75 %*  Pvaluet Median P25-P75 %*  Median P25-P75 %*  Pvaluet
Total protein 879 69-4-1109 633 1314 97.0-179-.3 273 <0-001 1376 103:1-190-0 22.3 1881 139-6-247.7 9:6 <0-001
Cholesterol 339 20-1-52-3 93-2 55.8 27-8-1045 737 <0-001 783 51.0-111.6 668 1141 71.7-1699 394  <0-001
Dietary fibre 69-3 55.0-88-4 87-6 830 59.9-125.0 62-3 <0-001 91.0 60-4-122.5 569 1099 78-:3—-151-1 423 <0-001
Ca 229 14.7-31-6 98-5 380 22.5-57:5 94.4 0-002 46-0 30-9-70-7 93-0 56-2 39-1-824 851 <0-001
Fe 166-0 123.8-216-8 105 250-3 176-8-352.0 34 <0-001 206-0  144.7-305-9 96 3161 226-8-431-4 11 <0-001
Mg 90-5 71.0-1169 599 1378 101.8-196-8 231 <0-001 125.0 89-4-1599 310 151.8 113.1-2067 155 <0-001
P 119.7 93.9-151.0 297 1817 1359-2436 6-1 <0-001 1755 128.2-234.7 107 2227 168-3-301-8 31 <0-001
K 260 21.1-32.9 99-8 494 37-1-684 934 <0-001 44.4 29.7-54.9 989 62.7 47.0-829 856 <0-001
Zn 1158 91.5-141.8 336 182.0 132.8-254-3 73 <0-001 1595 11092174 180 2313 173-4-3081 54  <0-001
Cu 1416 112.0-1786 737 1985 140-6-269-4 75 <0-001 1962 143.3-272.8 344 2433 178.2-345-3 39 0-002
Mn 67-8 43.5-1042 166 1011 72.0-140-2 492 <0-001 1251 85-1-175-1 96 1472 100-2-201-0 248 0-004
Vitamin A 95.2 67.2-140-8 533 1920 121.8-3151 18.0 <0-001 1989 112.1-3126 214 3448 1971-5176 31 <0-001
Thiamin 1587  126-0-200-9 80 2000 141.9-287.0 93 0-529 170-0 124.4-248.7 127 2265 172.0-317-2 4.2 <0-001
Riboflavin 809 62.1-112.5 68-1 135-9 99-4-193.4 25.3 <0-001 1564 108.9-2231 21.7 2211 155.2-298-4 7-6 <0-001
Niacin 94.6 76:5-123-4 552 2013 142.9-2786 66 <0-001 1461 102.5-202.7 22.8 2560 191.3-353.7 2.0 <0-001
Vitamin Bg 986 77-8-129-0 506 1848 1252-297.8 114 <0-001 130-0 86-5-190-3 307 2898 198-0-394-6 2.0 <0-001
Folate 104-6 79-1-1340 457 1326 81.1-207-1 348 <0-001 116-9 84.8-1659 366 1665 117.1-244.0 161 <0-001
Vitamin B4, 829 40-5-150-7 569 1201 62.2-2587 416 <0-001 229-8 133.7-3746 17:8 2807 152.3-5322 124 0-042
Pantothenic acid 521 40-0-70-5 92.0 858 61.4-131.0 596 <0-001 94.2 67-6-123-1 561 136- 108:3-190-9 20.0 <0-001
Biotin 741 56-3-105-5 72-0 97-3 66-9-1482 51-6 <0-001 142-6 99-5-194.3 251 1957 128.7-262-4 14.9 <0-001
Vitamin C 209 13.7-31.5 98-1 526 29-4-90-9 784 <0-001 66-3 35-0-98-6 752 1068 67-1-178.5 468 <0-001
Vitamin D 159 8-4-25.6 98-8 195 9.3-45.7 94.4 <0-001 276 15.8-47-3 98-3 415 24.8-66-2 91.8 <0-001
Vitamin E 66-4 46-8-100-6 745 931 58-0-139-1 53 <0-001 103-6 70-4-141.0 462 122 80-0-181-1 372 0-011
Energy distribution

% of TE from fat 675 52.0-81.7 92.0 762 58.9-100-0 749 <0-001 94.6 78-9-106-5 628 922 76:1-1076 611 0-629

% of TE from saturated fat 642 36:5-102.0 978 64-6 45.6-85-2 881 <0-001 81.8 56-9-108-2 882 750 58-8-90-1 834 0-065

% of TE from polyunsaturated fat  107-8 80-4-143-2 431 121.7 83.2-166-5 338 0-004 1335 107-4-161.7 186 1269 101.9-1542 22.5 0-186

% of TE from added sugar 42.8 29.9-56-8 742 89-8 42.7-149.0 557 <0-001 702 57.5-85.7 679 90-3 59-4-144.7 55.8 <0-001

PURE-NWP-SA, Prospective Urban and Rural Epidemiology in the North West Province of South Africa; P25, 25th percentile; P75, 75th percentile; TE, total energy.
*Percentage of participants not meeting the recommendations.
1P value for significance of differences between 2005 and 2010 for rural women or urban women not meeting the recommendations (Wilcoxon two-sample test).
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Nutrition transition in SA

The energy distribution of the rural and urban women
was not optimal. Because of overconsumption, more than
50 % of the participants in 2005 and 2010 did not meet the
restrictive recommendations for total fat, saturated fat and
added sugar.

Discussion

The objectives of the present part of the PURE-NWP-SA
study were to measure and report the changes in nutrient
intakes of rural and urban black African men and women
over time, to assess the impact of urbanization and
modernization of lifestyles on dietary and therefore
nutrient intakes and NCD risk.

Energy intakes

The first important result was the substantial increase in
energy intake from 2005 to 2010 in all groups. Increases in
median values were 2-3, 3-4, 2-6 and 2-3 MJ/d for rural and
urban men and rural and urban women, respectively. In
2010 (within 5 years) the rural subjects ‘caught up’ with the
energy intake of the urban subjects measured in 2005. In
2010 the urban men consumed 13-3 MJ daily and women
11-3 MJ daily.

The question arises whether these increases are real or a
result of methodological error. The facts argue against the
latter. The same team of fieldworkers and researchers
used in 2010 the same validated QFFQ that was used in
2005 to measure intakes. The reproducibility of the QFFQ
was satisfactorily validated in the PURE-NWP-SA study in
2005"®. Because the median energy values of rural men
and women in 2010 were similar to those of urban men
and women in 2005, this suggests that ‘environmental’ or
lifestyle factors were responsible for the increased intakes
in 2010. There are several known contenders: (i) after the
2005 measurements, a large grocery and food store
opened in the rural area which increased the availability
and affordability of many foods, processed food products
and beverages; (i) social support in the form of grants in
both rural and urban areas, and thus income, also
increased over this time; and (iii) the rural area experi-
enced a severe drought in 2005 which limited the avail-
ability of fresh products and income to buy them.

It seems reasonable to conclude that the observed rapid
increases in energy intake in both rural and urban parti-
cipants were real and part of an accelerated nutrition
transition. The increases in energy intake were of course
accompanied by expected increases in intakes of all other
nutrients because of greater food consumption.

Similarly, a consistent rise in total energy supply
(between 1970 and 2005) has been reported in the Middle
East and North African countries®”, while the Chinese
population is consuming more energy-dense food than
previously(%). In Brazil, dietary deficit is changing to
dietary excess®”. It was recently reported in Nepal that
there has been a change from an agricultural staple-based

https://doi.org/10.1017/51368980018001118 Published online by Cambridge University Press

2639

foods diet to a modern processed-foods diet with higher
total energy, total fat and sugar®®.

Macronutrient distribution

Another salient observation is the changes in macro-
nutrient intakes and macronutrient distribution (expressed
as a percentage of total energy) over time. These changes
followed the same pattern described as part of the nutri-
tion transition in the NWP when rural and urban Africans
were compared in a cross-sectional study”®. The differ-
ences in intakes between rural and urban participants in
2005 were similar to the changes observed in both rural
and urban participants over time (in 2010). The urban
participants ate more in 2005 and 2010 than their rural
counterparts. With a few exceptions, the changes included
the following: (i) the percentage of energy contributed by
total protein (except urban men), animal-derived protein,
total fat (except urban women), saturated fat, mono-
unsaturated fat and added sugar all increased significantly
and reflected increased intakes of mainly meat, eggs and
milk; (i) the percentage of energy from plant protein
decreased significantly in all groups; and (iii) the percen-
tage of energy from total carbohydrate decreased sig-
nificantly in rural participants despite the increase in
added sugar (a carbohydrate which forms part of total
carbohydrate), therefore this decrease probably reflects
the decreased intake of starchy staple foods. Because
these changes occurred mostly in rural participants it
suggests that the diet followed by urban participants in
2005 (except for energy intake) was already modernized
to a ‘stable’ level and that rural participants still had ‘room
to move’ towards the energy distribution seen as a result of
the nutrition transition. The change from a high-fibre-rich
carbohydrate to a lower-carbohydrate diet with more
sugar and sugar-sweetened beverages is also taking place
in other countries®®>% In addition, a dramatic increase in
meat consumption has been reported for China and
Brazil®".

An interesting finding is the significantly lower
alcohol intake in rural and urban men in 2010 (both in
grams and as a percentage of energy intake). A possible
explanation could be that due to the nutrition transition,
modernization and moving away from traditional
home-brew methods, men consumed commercial beer
rather than home-made beer. Commercial beer is more
expensive and the higher price could have lowered its
consumption.

Although we did not test for significance between men
and women, it is interesting to note that women consumed
more added sugar (in grams and as a percentage of
energy; except for the rural women in 2005) than men.
We previously showed"? that more women than
men consumed sucrose-sweetened beverages in 2005 and
2010 and that the quantities were also larger. It could
also be that the women consumed more sugar in their
tea/coffee.
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Micronutrient intakes: nutrient adequacy

One would have hoped and expected that the fortification
of maize meal and bread flour, two main staples in these
populations, would correct micronutrient deficiencies of
most people in SA. The present study, however, showed
that intakes of the rural men and women in 2005 did not
meet recommended values for most minerals and vitamins.
The situation was better in the urban groups and improved
over time in both rural and urban participants. Therefore,
the nutrition transition resulted in improved, but still not
optimal micronutrient intakes. The South African food
composition tables incorporated new analytical data of the
fortified staple foods. However, it was reported in 2012°%
that many of the samples of maize meal and white bread
flour across SA that were analysed were insufficiently for-
tified. To assess the real extent of micronutrient deficiencies,
suitable biological markers of the micronutrients will have to
be measured in future. Nevertheless, the data showed that
micronutrient needs in the PURE-NWP-SA participants were
not met despite a high intake of energy, probably a result of
more energy-dense but nutrient-poor foods chosen.

Protective dietary effects

The low intakes of dietary fibre and many of the anti-
oxidant micronutrients are of concern. The low-fat, high-
fibre traditional diet of the indigenous people of Africa has
been regarded as a major factor protecting them against
NCD®%3%_ The nutrient intake changes observed here
are indicative of a loss of this protection of the diet. Schutte
and co-workers''* already reported that 24 % of partici-
pants of the PURE-NWP-SA study who had normal blood
pressure in 2005 presented with hypertension in 2010,
while we showed the massive increased consumption of
nutrient-poor  sugar-containing beverages over this
time'". Together with other changes during the epide-
miological transition, the increase in NCD among the
Africans in SA is not surprising.

Limitations

One of the major limitations of the PURE-NWP-SA study,
namely the moderately high proportion of subjects lost to
follow-up, of whom 30% died, was discussed pre-
viously™V. Those lost to follow-up were significantly
younger, more often males, a higher percentage were
HIV-infected, with lower BMI, waist circumference, HDL-
cholesterol and energy intake than those followed up. We
suspect that the rest of the participants lost to follow-up,
being younger and male, probably moved away to bigger
cities where there are more opportunities for work.

Conclusions

It is concluded that the results of the current analysis of the
PURE-NWP-SA nutrient data confirm a rapid nutrition
transition in the NWP, characterized by large increases in
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total food energy without correcting fully for micronutrient
deficiencies despite fortification of staple foods. Micro-
nutrient intakes could even be lower because of insuffi-
cient fortification. Furthermore, the shift towards an animal
food-based diet at the cost of a lower plant protein food
intake could increase the risk of NCD. The data also
confirmed that low dietary fibre and micronutrient intakes
were prevalent, further contributing to a double burden of
under- and overnutrition in this population.
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